We discuss a theory of flavour in which Higgs Yukawa couplings are related to those of the new scalar triplet leptoquark and/or Z responsible for R K ( * ) , with all couplings arising effectively from mixing with a vector-like fourth family, whose mass may be anywhere from the Planck scale to the electroweak scale for the leptoquarks explanation, but is pinned down to the TeV scale if the Z exchange plays a role. However, in this particular model, only leptoquark exchange can contribute significantly to R K ( * ) , since Z exchange is too constrained from Bs mixing and τ → 3µ, although other Higgs Yukawa matrix structures may allow it.
Introduction
The Standard Model (SM) has almost thirty parameters, most of them arising from the unspecified Higgs Yukawa couplings. This motivates theories of flavour beyond the SM. Here we shall consider one simple example where the usual Higgs Yukawa couplings with the three families of chiral fermions are forbidden by some symmetry, which is broken by some new scalar field φ , allowing the Higgs Yukawa couplings to arise effectively from mixing with a vector-like fourth family 2 . In principle the mass of the vector-like fourth family M 4 (i.e. the flavour scale in this example) may be anywhere from the Planck scale to the electroweak scale, providing that the ratios φ /M 4 which govern the Yukawa couplings are held fixed.
The LHCb Collaboration 1 and other experiments have reported a number of anomalies in B → K ( * ) l + l − decays such as the R K and R K * ratios of µ + µ − to e + e − final states, which are observed to be about 80% of their expected values with a 2.5σ deviation from the SM. Such anomalies may be accounted for by a new physics operator of the form 1b L γ µ s LμL γ µ µ L , with a coefficient Λ −2 where Λ ∼ 30 TeV. This hints that there may be new physics arising from the non-universal couplings of leptoquarks and/or Z in order to generate such an operator. However the introduction of these new particles increases the parameter count still further, and only serves to make the favour problem of the SM worse.
Motivated by such considerations, it is interesting to speculate that the above empirical hint of flavour non-universality is linked to a possible theory of flavour. In this talk we consider an example of this based on the vector-like fourth family discussed above. To achieve the desired link, one may introduce leptoquarks and/or Z into the above theory of flavour in such a way that the effective Higgs Yukawa couplings and the effective leptoquark and/or Z couplings are generated at the same time, from mixing with the vector-like fourth family. In such a model, the couplings of leptoquarks and/or Z may be related to Yukawa couplings, leading to a very predictive framework. Table 1 with a vector-like fourth family of fermions of mass M 4 2 . The model also involves a gauged U (1) , which is broken by a singlet φ leading to a massive Z with non-universal couplings 3, 4, 5 . We have also included a scalar leptoquark triplet S 3 of mass M S 3 6,7 . The model in Table 1 , defined in these proceedings for the first time, may be regarded as an amalgamation of the Z model 5 and the leptoquark model 7 , where both models previously included also a vector-like fourth family of fermions. The idea is that the usual three chiral families of quarks and leptons do not have renormalisable couplings to Higgs or leptoquarks or Z (since they are neutral under U (1) ). However, as we shall see, such couplings are generated via mixing with the vector-like fourth family, thereby relating all these couplings to each other.
Table 1: The model consists of three chiral fermion families, one vector-like fermion family and two Higgs scalar doublets. The gauged U (1) is broken by a singlet φ leading to a massive Z . We also include a scalar leptoquark triplet S3. 
The Higgs couplings
We first consider the couplings involving the two Higgs doublets H u,d . This was first discussed in 2 , where a Z 2 symmetry prevented the usual Yukawa couplings. Here it is the gauged U (1) which forbids the usual Yukawa couplings since the Higgs carry the new charges while the chiral fermions do not. However Higgs scalar doublets with U (1) charge −1 can couple a chiral fermion to a vector-like fourth family fermion with U (1) charge +1, controlled by new Yukawa couplings y 4i . The U (1) also allows the scalar singlet φ to couple a chiral fermion to a vector-like fourth family fermion, controlled by new Yukawa couplings x i . These couplings generate the 3 × 3 effective Yukawa matrices, via the upper diagrams in Table 2 , in a particular basis 2 : 
where the effective Yukawa couplings ε ij are defined as ε e ij H d L i e c j , ε u ij H u Q i u c j , ε d ij H d Q i d c j , and are given by the upper left diagrams in Table 2 (see 2 for more details). rved hints for anomalous semi-leptonic B decays [24, 25] which imply universality in the ratio R K (ú) and the origin of the Yukawa couplings [26-28]. However we shall ue such a connection here. We are more interested in the possibilities for large viof unitarity of the leptonic mixing matrix due to the new type Ib seesaw mechanism duce, due to the fact that two independent Higgs Yukawa couplings are required nt for neutrino mass, which allows the couplings to H u to be quite large, providing H d are very small. The non-unitarity of the leptonic mixing matrix induced by the of heavy neutrinos has been studied in several works (see for instance [7, ). apply such an analysis to the type Ib seesaw model considered here. paper is organised as follows. In Section II the particle content of model studied aper is introduced and the type Ib generation of neutrino masses in the minimal discussed. In Section III we present the full model involving a fourth vector-like d the previous results are generalised to include a single right-handed neutrino N c the particle content of the model. Finally, we discuss and conclude the results in V.
E MINIMAL TYPE IB SEESAW MODEL
e minimal scenario (MS) we do not consider any N c field, and therefore the SM content is extended only by the vector-like neutrinos. The model is summarised in the masses of the new vector-like neutrinos are above the electroweak scale, the lds can be integrated out, and the resulting e ective field theory, built from a set ve operators, can be used to study the low energy phenomenology. Each of these operators is suppressed by a power of the mass scale up to which the e ective ian L e is valid. The first of these e ective operators is the dim-5 Weinberg operator
(1) d = ≠i ‡ 2 H ú d . Notice that the standard Weinberg operator with two H u or two H d is n by the U (1) Õ symmetry, and that only the new Weinberg-type operator that mixes Higgs doublets is allowed in the model. When the Higgs doublets develops VEVs, Weinberg-type operator induces Majorana masses ≠m‹ i ‹ j for the light neutrinos. ension 6, the only e ective operator that is generated at tree level is [51]
3 4 4 Figure 1 -The fourth family vector-like neutrinos allows a new contribution to neutrino mass via a diagram involving two different Higgs doublets Hu,H d (left), which we refer to as the type Ib seesaw mechanism. The leptoquark S3 contributes to R K ( * ) at tree-level (centre), and to Bs mixing at one loop (right).
To leading order the dominant third family Yukawa couplings are given by the upper right diagrams in Table 2 Interestingly, the fourth family vector-like neutrinos provide a new contribution to neutrino mass via the type Ib seesaw b diagram in Fig. 1 (left) 
The leptoquark couplings
We now consider the couplings involving the scalar leptoquark triplet S 3 as discussed in 7 . The assigned U (1) charges allow the renormalisable leptoquark coupling, λ 4 S 3 Q 4 L 4 , involving the fourth family, but not the first three families. The middle diagram in Table 2 generates a single effective leptoquark coupling, which involves the third family (only) in the same basis as Eq.1 7 : 
where the first equality in Eq.3 has used Eq.2, and the second equality sets y 4i ≈ λ 4 ≈ 1.
Effective leptoquark couplings to first and second family quarks and leptons are generated when the Yukawa matrices in Eq.1 are diagonalised and so are suppressed by ε ij /y 33 . Since down quark mixing is larger than up quark mixing (due to the milder mass hierarchy), we assume θ d 23 ≈ V ts , while the analogous charged lepton mixing angle θ e 23 is similarly small. Hence in the diagonal Yukawa basis we have leptoquark couplings involving the left-handed lepton doublets L 3 = (ν τ , τ ) T L , L 2 = (ν µ , µ) T L , and quark doublets Q 3 = (t, b) T L , Q 2 = (c, s) T L , from Eq.3, assuming y t ≈ 1, y τ S 3 Q 3 L 3 , y τ V ts S 3 Q 2 L 3 , y τ θ e 23 S 3 Q 3 L 2 , y τ θ e 23 V ts S 3 Q 2 L 2 , . . .
Thus, after a number of reasonable dynamical assumptions, we have obtained the leptoquark couplings in Eq.4 in terms of Yukawa couplings and mixing angles.
